Introduction 34
Oxygen concentrations in seawater reflect the competing influences of temperature-dependent 35 oxygen diffusion over the air-sea boundary, ventilation by circulating water masses, and 36 consumption during the remineralisation of organic matter. Recent studies have highlighted a 37 seawater deoxygenation trend in several regions of the present day ocean [Keeling et al., 2010] , 38 which has been linked to CO 2 -driven global warming. Deoxygenation has the potential to have a 39
severe impact on marine biodiversity [Stramma et al., 2008 [Stramma et al., , 2010 and biogeochemical processes 40 
2012]. 63
This study presents molybdenum (Mo) isotope ratio and trace metal concentration data for 64 sediments spanning ETM-2 obtained from IODP Expedition 302, Site M0004A in the Arctic Ocean. 65
Our objective was to evaluate the effect on global ocean redox of environmental perturbations 66 caused by carbon-led warming of differing magnitude and duration to the more widely studied 67 weighed into tin capsules. Isotope analyses were performed using a Thermo-Finnegan Mat 253 131 mass spectrometer. Long-term reproducibility was monitored using IAEA-CH6 sucrose standards, 132 and was better than ±0.1‰. The abundances of major element oxides were determined by fusing 133 ground sample powders to glass discs with Johnson Matthey Spectroflux ® 100A. Analyses were 134 conducted using an ARL 8420+ dual goniometer wavelength dispersive XRF spectrometer. 135
Accuracy and precision were monitored with standard reference materials and were better than 136 ±1% and ±2% respectively. The abundances of minor elements were determined by ICP-MS 137 following acid digestion of 10-50mg aliquots of sample powders. Sample accuracy and precision 138
were monitored with certified and in-house reference materials and were better than ±10%. the negative peak of the CIE by ~25cm (Fig.1) . 175
All measured Mo spike:sample ratios are in the optimum range of 1. boundary at the base of the ETM-2 CIE in Site M0004A (Fig. 1) , which is defined by the onset of 193 sedimentary laminations and by increases in the abundance of redox sensitive elements such as 194
Mo, Re and Fe (Fig.1) (Fig. 2) . 199
We argue that under fully euxinic conditions during ETM-2, the highest observed δ between 368.5 and 368.69 mcd, suggesting that sulphidic conditions extended into the photic zone 220 of the overlying water column at that time [Sluijs et al., 2009] (Fig.1) 
Arctic basin was not limited during the peak of the CIE. This is demonstrated by the co-variation of 229
Mo and U abundances in sediments spanning ETM-2 (Fig.3) 
Implications for the development of transient deoxygenation during early Eocene hyperthermals 307
With the new data presented here for ETM-2, we suggest that reducing environments in the early 308
Eocene ocean were consistently expanded over multi-million year timescales by a small but 309 significant amount compared with the present day. Mass balance modelling using conservative 
